Abstract: Soil pH is a key factor affecting the growth of blueberries. Understanding the response mechanism of blueberries to different pH values and selecting suitable evaluation indexes are the basis of breeding new blueberry cultivars with high pH tolerances. The effects of different soil pH treatments for 17 months on the plant growth, fruit yield, photosynthetic characteristics, and leaf microelement concentration of Vaccinium ashei Reade 'Climax' and V. corymbosum hybrid 'Chaoyue No. 1 were studied. Plant height, main stem diameter, branch number per plant, leaf dry weight, stem dry weight, root dry weight, and total dry weight decreased with increasing soil pH. With an increase in soil pH, the first flowering date, 50% flowering date, first ripening date, and 50% ripening date of the two cultivars were postponed, and the flower bud numbers per plant, the floret numbers per bud, and yield per plant showed a downward trend. Moreover, the fruit quality decreased, which was reflected in the increase in the titratable acid content (TA) and the decrease in the total soluble solids content (TSS) and the TSS:TA ratio in the high pH treatment. With increasing soil pH, the chlorophyll content index (CCI), maximal photochemical efficiency of the PSII (Fv/Fm), quantum photosynthetic yield of the PSII (Y(II)) and net photosynthetic rate (Pn) of the two cultivars showed a downward trend, and some microelement concentrations in the leaves were imbalanced. Under high pH treatment, 'Chaoyue No. 1 had a relatively higher plant biomass and fruit yield, so it had a stronger tolerance to high pH than 'Climax' did. More strongly acidified rhizosphere soil capacity, as well as higher CCI, Fv/Fm, Y(II), and Pn values were the main reasons for the high pH tolerance of 'Chaoyue No. 1 . Compared with destructive biomass indicators such as plant weight, nondestructive indicators such as CCI, Fv/Fm, and Y(II) can be more valuable indicators for fast and accurate evaluation of blueberry tolerance to high pH at early stages of treatment.
Introduction
Blueberry is a perennial shrub belonging to the genus Vaccinium in the Ericaceae family. It is popular worldwide because of the high nutritional value of its fruit and its strong antioxidant capacity [1, 2] . Blueberry is an acid-loving plant [3] , and a suitable soil pH for its optimal growth is approximately 4.0-5.0 [4, 5] . Some studies have shown that elevated pH in the rhizosphere for blueberry will lead to nutritional imbalance, leaf iron deficiency chlorosis, and a decrease in photosynthesis, thereby inhibiting plant growth and reducing yield [6, 7] . However, most of the soil pH in the field cannot meet this requirement, and a relatively high soil pH value is one of the main limiting factors affecting blueberry growth. In production, soil pH is usually reduced by the application of acidifying
Materials and Methods

Plant Materials
The one-year-old rooting cutting of rabbiteye blueberry 'Climax' and southern highbush blueberry 'Chaoyue No. 1 , formerly called A119 [7] , were tested in this experiment.
Plant Cultivation and Treatment
On 15 April 2017, cuttings with similar heights (about 30 cm) and basal shoot diameters (about 0.5 cm) were selected and planted in plastic pots 20 cm in diameter and 20 cm in height. One cutting was planted per pot as a replicate. The cultivation medium was made up of red soil (OrthicAcrisol), peat, and perlite at a volume ratio of 2:2:1. Fifteen liters of medium, mixed with NH 4 NO 3 (8.10 g), Ca (H 2 PO 4 ) 2 ·H 2 O (5.06 g), and K 2 SO 4 (5.25 g), was added to each pot. By adding different amounts of CaCO 3 in the culture medium, the pH was adjusted to 4.5, 5.3, or 6.0. The maximum field water holding capacity of soils was 53%. After planting, the soil water content was maintained at approximately 65-75% of the maximum field water holding capacity. Ammonium sulfate (76 kg N ha −1 ) was applied once at bud break in the second year. During the entire experiment, tap water was used as an irrigation water source, and the water pH was approximately 8. The experiment was carried out in the blueberry nurse with plastic rain-prevent canopy (without wall) of the Institute of Botany, Jiangsu province and the Chinese academy of sciences. The temperature changes during the experiment are shown in Figure 1 . At the end of the treatment in mid-September 2018, various indexes were determined, except flowing and fruit characteristics, which were evaluated at flowering and fruiting stages. Two blueberry cultivars were pollinated openly with other southern highbush blueberry cultivars 'Sharpblue' and 'Misty', and rabbiteye blueberry cultivars 'Powderblue' and 'Brightwell' as pollinators were planted around them in the nurse.
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Data Collection
Growth Parameter Determination
The plant height (distance from the ground to the highest leaf) and the diameter of the main stem (diameter of the base of the main stem measured with Vernier calipers) were measured, and the number of branches on the main stem was recorded before the plant was harvested. The plants were then removed from the pot and divided into three parts: roots, stems, and leaves. The plants were washed with distilled deionized water (DD water) and then dried at 75 °C for constant weight. The dry weights of roots, stems, and leaves were determined. The total plant dry weight (root dry weight + stem dry weight + leaf dry weight) was calculated. 
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Determination of Flowing and Fruit Characteristics
The flower bud number per plant was recorded before flowering and the floret number per bud was observed at the flowering period in spring 2018. The first flowering date (first flower opening), 50% flowering date, first ripening date (first fruit ripening), and 50% ripening date were observed at the flowering and fruit ripening periods. When 50% of the fruits were ripe, about 20 ripe fruits were randomly taken from each plant to determine the single berry weight, and then the total soluble solids content (TSS) was determined by a handheld refractometer (WYT, Chengdu Optical Factory, China). The titratable acid content (TA) was determined by the method outlined in Ehret et al. [21] , and the TSS:TA ratio was calculated. The fruit yield per plant was calculated through measuring the cumulative weight of all the mature fruit harvested.
Determination of Photosynthetic Characteristics
Gas exchange parameters, chlorophyll content index (CCI), and chlorophyll fluorescence parameters were measured before harvest in the morning (8:00 to 11:00 h). Gas exchange parameters such as net photosynthetic rate (Pn), stomatal conductance (Gs), intercellular CO 2 concentration (Ci), and transpiration rate (Tr) were measured by a gas exchange system (LI-6400XT, LI-COR, Lincoln, NE, USA). The light intensity of the built-in red and blue LED light source (670 nm and 465 nm, 6400-02B, LI-COR, Lincoln, NE, USA) was 1200 µmol·m −2 ·s −1 , the concentration of CO 2 was 400 µmol·mol −1 , and the temperature was maintained at 25 • C and a relative humidity of 50%-60% during the measurements in the leaf chamber. The CCI of the leaves was determined with a chlorophyll meter (CCM-200, Opti-Sciences, Tyngsboro, MA, USA). Chlorophyll fluorescence parameters, maximal photochemical efficiency of PSII (Fv/Fm), and quantum photosynthetic yield of PSII (Y(II)) were determined with a pulse-modulated fluorometer (OS1p, Opti-Sciences, Hudson, NH, USA). The top third or fourth leaves were selected for the determination of the above indexes, and three independent samples were measured from each plant. The three determinations from the same plant were averaged for advanced statistical analysis.
Determination of Leaf Microelements
The top third to fifth leaves of each plant were collected, washed with DD water, dried at 75 • C, and ground into powder. Leaf samples (0.2500 g) were accurately weighed and digested completely with HNO 3 :HClO 4 (4:1) mixed acid in an automatic digestion device. The extract was re-dissolved in 10 mL of 5% nitric acid, and the concentrations of Cu, Zn, Fe, and Mn were determined by inductively coupled plasma optical emission spectroscopy (Optima 2100DV, Perkin Elmer, Waltham, MA, USA).
Determination of the pH Value of the Rhizosphere Soil
Each plant was removed from its pot and the soil closely associated with the root system was collected. The soil was dried by air, ground to a powder, and passed through a 2 mm sieve hole. A 10.00 g soil sample was weighed, 25 mL deionized water was added without carbon dioxide, stirred vigorously for 1-2 min, and left to stand for 30 min. Then, the pH was measured with a pH meter.
Experimental Design and Statistical Analysis
The experiment was performed in a completely random design with four replicates per treatment (each pot was a replicate). Data were subjected to analysis of variance (ANOVA) and Duncan's multiple range test using SPSS 13.0 software (SPSS Institute, Chicago, IL, USA).
Results
Effects of Different pH Treatments on Rhizosphere Soil pH
After 17 months of treatment, the rhizosphere soil pH of the two blueberries changed, resulting in final soil pH values that were higher than the initial pH. The pH of 'Chaoyue No. 1 was lower than that of 'Climax' in the all treatments but only significantly lower in the 5.3 treatment (Table 1) . Means ( -X ± SD, n = 4) followed by the same small letter in the same column are not significantly different (p < 0.05).
Effects of Different pH Treatments on Vegetative Organ Growth
Plant growths of the two blueberry cultivars were affected under high soil pH (Table 2, Figure S1 ). Under the soil pH 5.3 treatment, the main stem diameter, root dry weight, stem dry weight, and total plant dry weight, respectively, decreased to 81.2%, 86.9%, 69.7%, and 77.8% of the corresponding values obtained with the soil pH 4.5 treatment for 'Climax' and the plant height, main stem diameter, root dry weight, stem dry weight, leaf dry weight, and total plant dry weight, respectively, decreased to 83.6%, 77.5%, 79.9%, 75.3%, 83.8%, and 78.4% of the corresponding values obtained with the soil pH 4.5 treatment for 'Chaoyue No. 1 . The plant height, branch number, and leaf dry weight for 'Climax' and branch number for 'Chaoyue No. 1 were not significantly decreased in the pH 5.3 treatment compared with those of the pH 4.5 treatment. Under the pH 6.0 treatment, the plant height, main stem diameter, branch number, root dry weight, stem dry weight, leaf dry weight, and total plant dry weight significantly, respectively, decreased to 42.63%, 35.5%, 52.6%, 7.6%, 5.7%, 21.7%, and 9.8% of the corresponding values obtained with the soil pH 4.5 treatment for 'Climax' and to 37.1%, 42.7%, 58.8%, 15.2%, 9.7%, 13.9%, and 12.4% of the corresponding values obtained with the soil pH 4.5 treatment for 'Chaoyue No. 1 . The results indicated that the inhibition degree of plant growth for 'Chaoyue No. 1 was lower than that for 'Climax' under the high pH treatment, except for plant height and leaf dry weight. Means ( -X ± SD, n = 4) of each cultivar followed by the same small letter in the same column are not significantly different (p < 0.05).
Effects of Different pH Treatments on the Flowering and Ripening Times and the Fruit Production and Quality
With the increase in soil pH, the first flowering date, 50% flowering date, first ripening date, and 50% ripening date of the two blueberry cultivars were changed (Table 3) . Compared with the soil pH 4.5 treatment, the soil pH 5.3 treatment significantly delayed the 50% flowering date and first ripening date in 'Climax' by 2 day and 1 day, respectively; in 'Chaoyue No. 1 , the first flowering date and 50% flowering date were significantly delayed by 2 day and 4 day, respectively. The first flowering date and 50% ripening date of 'Climax', and first ripening date and 50% ripening date of 'Climax' and 'Chaoyue No. 1 at pH 5.3 treatment had no significant difference compared to those at pH 4.5 treatment. The first flowering date, 50% flowering date, first ripening date, and 50% ripening date of 'Climax' and 'Chaoyue No. 1 at pH 6 treatment were significantly delayed by 2 day and 2 day, 3 day and 5 day, 8 day and 5 day, and 7 day and 6 day, respectively, compared to those dates resulting from the pH 4.5 treatment. The first flowering date and 50% flowering date of 'Chaoyue No. 1 were about a week ahead of 'Climax', but the first ripening date and 50% ripening date were approximately one month ahead of 'Climax'. Compared with the soil pH 4.5 treatment, the soil pH 5.3 treatment had no significant effect on the flower bud number per plant and the floret number per bud of the two blueberry cultivars; however, the soil pH 5.3 treatment significantly decreased single fruit weight and yield per plant ( Table 4) . The soil pH 6.0 treatment significantly reduced the flower bud number per plant, the floret number per bud, single fruit weight, and yield per plant of the two blueberry cultivars; however, the floret number per bud of 'Chaoyue No. 1 did not differ between the pH 6.0 and pH 4.5 soil treatments. The flower bud number per plant and yield per plant of 'Chaoyue No. 1 under soil pH 6.0 treatment were 50.57% and 23.90% lower, respectively, than those values in the soil pH 4.5 treatment; furthermore, the relative flower bud number per plant and yield per plant of 'Chaoyue No. 1 under soil pH 6.0 were significantly higher than those of 'Climax' (5.62% and 8.55% lower, respectively, than those values in the soil pH 4.5 treatment). However, the decreased degree of single fruit weight in both blueberries was the same (approximately 68%). These results indicated that 'Chaoyue No. 1 had a higher yield than 'Climax' in the high-pH environment because of its relatively higher flower bud number per plant and floret number per bud. Compared with the soil pH 4.5 treatment, the soil pH 5.3 treatment had no significant effect on the TSS and TA of 'Climax' and 'Chaoyue No. 1 , but significantly reduced the TSS:TA ratio (Table 4) . However, the soil pH 6.0 treatment significantly reduced the TSS and TSS:TA ratio and significantly increased the TA of the two blueberry cultivars. Means ( -X ± SD, n = 4) of each cultivar followed by the same small letter in the same column are not significantly different (p < 0.05). Means ( -X ± SD, n = 4) of each cultivar followed by the same small letter in the same column are not significantly different (p < 0.05).
Effects of Different pH Treatments on Photosynthetic Characteristics
The CCI, Fv/Fm, and Y(II) decreased gradually with increasing soil pH (Table 6 ). Under the pH 5. Different soil pH treatments had different effects on the photosynthetic characteristics of the two blueberry cultivars (Table 6 ). With the increase in soil pH, the Pn of the two cultivars showed a significant decreasing trend, except for the difference between the pH 5.3 treatment and the pH 4.5 treatment for 'Climax'; however, the 'Chaoyue No. 1 maintained a higher Pn at the pH 6.0 treatment. The Pn under the pH 6.0 treatment was 46.52% that of the value obtained at the pH 4.5 treatment for 'Chaoyue No. 1 and 28.53% that of the value obtained at the pH 4.5 treatment for 'Climax'. The Gs and Tr of 'Climax' at pH 5.3 had no significant difference compared with those values obtained with the pH 4.5 treatment, and they decreased significantly at pH 6.0; however, the Gs and Tr significantly decreased with the increase in soil pH for 'Chaoyue No. 1 . The Ci under the pH 4.5 treatment was significantly lower than that under the pH 6.0 treatment for 'Climax'; however, there was no different significance between that of the pH 5.3 or 6.0 treatment for 'Chaoyue No. 1 .
Discussion
Soil pH is an important factor affecting the growth of blueberries. Haynes and Swift [22] believed that the growth of highbush blueberry under pH 4.5 was better than that under pH 6.5 in both peat and soil substrates. Austin and Bondari [23] also found that the maximum growth of rabbiteye blueberry 'Tifblue' occurred at a pH of 4.3 to 4.4. The results showed that the biomass of the two blueberry cultivars was the highest under the pH 4.5 treatment among the three pH levels. Some growth parameters decreased to a certain extent under the pH 5.3 treatment, while all growth parameters were severely inhibited under the pH 6.0 treatment. This result is generally consistent with previous studies [22, 23] .
Different blueberry species and cultivars usually have different resistances to high pH levels. Tsuda et al. [10] found that the interspecific hybrids of highbush blueberry 'Spartan' and V. bracteatum had higher survival and rooting rates than their parents, of the 'Spartan' variety, did, at a pH level of 8.0; moreover, there were significant differences among the different hybrids. Finn et al. [4, 9] found that the survival or germination rates and biomasses of different highbush blueberries, lowbush blueberries, and their hybrid offspring were different under high pH conditions, and the resistance of some lowbush blueberry offspring could be improved through a hybrid method. Miyashita and Ishikawa [16] found that the interspecific hybrids of rabbiteye blueberry and highbush blueberry had the same vigor and high pH adaptability as that of the rabbiteye blueberry and had a higher tolerance than the highbush blueberry under high pH conditions. The above studies show that different blueberry populations have different tolerances to high pH, and this tolerance can be inherited by the offspring. The selected cultivar 'Chaoyue No. 1 in this study was derived from the open-pollinated progenies of the southern highbush blueberry variety 'Southmoon'. Previous studies found that many traits, including adaptability to low organic matter content and high pH in soil, of the open-pollinated progenies from 'Southmoon' were significantly separated [18] . Although rabbiteye blueberry is generally more adaptable to high pH than southern highbush blueberry [16, 17] , the results of this study show that the southern highbush blueberry cultivar 'Chaoyue No. 1 had a higher relative biomass than the rabbiteye blueberry cultivar 'Climax', indicating that it had a stronger tolerance to high pH. At the same time, the results also indicated that highbush blueberry cultivars with a higher tolerance to high pH could be obtained by breeding.
Blueberries suffer long-term stress processes when they grow in high-pH environments in the field. Using the same cultivars and treatment methods, the relative biomass of the two blueberry cultivars grown at high pH for 17 months was lower than that of plants grown at high pH for 6 months [7] , which indicated that the prolonged high-pH stress caused more damage to blueberries.
Flower bud differentiation and the flowering phenology of blueberry are mainly affected by genotype and climatic conditions, such as temperature and photoperiod [24, 25] . The fruit ripening date of southern highbush blueberry 'Chaoyue No. 1 were approximately one month ahead of rabbiteye blueberry 'Climax', which could avoid exposure to the rainy season in southern China. The phenological period is sometimes affected by cultivation management, such as gibberellin treatment, which delays flowering and maturation [26] . Togano et al. [27] evaluated how soil texture and pH affected the flowering and harvesting period of blueberry, but the trends varied with treatments and cultivars.
Here, we found that the flowering and fruit phenology of the two blueberries were affected by the increase in soil pH, which delayed flowering and fruit ripening.
Soil pH not only affects the growth of blueberry vegetative organs but also affects fruit yield. When the soil pH value increased from 4.5 to 7.0, the fruit yield of 'Tifblue' decreased gradually [28] . Austin and Bondari [6] also showed that when the soil pH was lower than 5.0, the total yields of two rabbiteye blueberry cultivars, 'Delite' and 'Tifblue', were the highest. The results showed here agreed with these by Austin and Bondari [6] and Cummings et al. [28] , but the yield of 'Chaoyue No. 1 was higher than that of 'Climax' under high pH treatment. The fruit yield of blueberry is mainly driven by the flower bud number per plant, the floret number per bud, fruit setting rate, and single fruit weight. Austin and Bondari [6] confirmed that single fruit weight tended to decrease with increasing soil pH or was not significantly affected by soil pH, depending on cultivars and experimental years. This study found that some indexes were affected not only by the genetic differences in the cultivars but also by the rhizosphere pH conditions. In the high-pH environment, the reduction in blueberry yield was due to the reduction in flower bud number per plant, the floret number per bud, and single fruit weight, especially the flower bud number per plant. 'Climax' had a greater decline of the number of flower buds than 'Chaoyue No. 1 did under high pH treatment, which was the main reason why the production of 'Climax' was lower.
The TSS, TA, and TSS:TA ratio are commonly used indicators reflecting blueberry fruit quality that are influenced by cultivars [29] and cultivation management [21] . Togano et al. [27] found that the TSSs of the fruit in 'Tifblue' and 'Rancocas' blueberry plants cultivated in clay soil were higher than those of 'Andosol'. Our results showed that high soil pH reduced the TSS and TSS:TA ratio and significantly increased the TA of blueberry, resulting in changes in fruit quality, which may lead to a decline in fruit taste when fresh fruits are consumed.
Changes in soil pH can cause changes in the solubility of various nutrient elements in soil. When plants grow at a nonoptimal pH, their uptake and utilization of nutrient elements will be imbalanced; this seriously affects the growth and development of plants [30] . When the soil pH is higher than the optimum pH for blueberry growth, the leaves of blueberry are prone to interveinal chlorosis. This phenomenon is considered as an iron deficiency chlorosis [31] . However, compared with green leaves, the Fe concentration of yellowed leaves decreased [7] , did not change significantly [32] , or increased [33] , depending on the results of different studies. The results showed that the two blueberry cultivars had typical iron deficiency chlorosis under high pH treatment for 17 months, and the chlorosis degree of the tolerant cultivar 'Chaoyue No. 1 was lower (higher chlorophyll content). There was no significant difference in the Fe concentration in the leaves of 'Chaoyue No. 1 between the pH 6.0 treatment and the pH 4.5 treatment. However, the Fe concentration in the leaves of 'Climax', which was more sensitive to high pH, was significantly higher in the pH 6.0 treatment than in the pH 4.5 treatment. Therefore, the symptoms of iron deficiency chlorosis in leaves may not be due to low iron concentration in leaves but instead due to the inability of leaves to use iron. Mn deficiency also causes chlorosis, similar to iron deficiency. This study, and previous studies, found that the Mn concentration of blueberry leaves decreased under high pH [32] . Some studies have shown that Mn deficiency in blueberries at high pH is also a cause of leaf chlorosis [34] , although studies have shown that there was no significant correlation between leaf Mn concentration and chlorosis degree [35] . So, the relationship between Mn deficiency and blueberry leaf chlorosis needs further study under a nonoptimal soil pH. The changes in Cu and Zn concentrations in leaves of different blueberry cultivars were not significantly correlated with their tolerance to increased pH levels. In addition, some studies have found that the nutrient concentration of blueberry leaves in high-pH environments is affected not only by genetic factors but also by antagonism with other nutritional elements in the environment [22] . Therefore, the concentration of Fe and other nutrients in leaves cannot be used to judge the tolerance of blueberries to a high-pH environment.
Photosynthesis can fix energy and produce carbohydrates in plants. The intensity of photosynthesis directly affects plant growth, and chlorophyll content will affect the intensity of photosynthesis. In this study, with the increase in pH, the leaves of the two blueberry cultivars also partially yellowed, the chlorophyll content decreased, and the photosynthetic efficiency also showed a downward trend. Petridis et al. [36] found that photosynthesis limitation in the northern European environment was a major factor affecting the yield of highbush blueberries. Xu et al. [37] found that high-pH-tolerant V. bracteatum could maintain higher chlorophyll content and photosynthetic capacity and have a higher biomass under high pH treatments compared with the low-tolerant highbush blueberry 'Sharpblue'. The relatively higher chlorophyll content and net photosynthetic rate under high pH treatment found in 'Chaoyue No. 1 might contribute to its higher biomass and fruit yield.
In this study, the chlorophyll fluorescence indexes, Fv/Fm, and Y(II) of the two blueberry cultivars under different pH treatments were determined by an OS1p chlorophyll fluorometer. Fv/Fm is the maximum photochemical efficiency of the PS II, which is an important and easily measured parameter for studying the physiological status of the photosynthetic structure. The Fv/Fm value decreases significantly under stressful environments and is often used to measure the potential activity of PSII. Y(II) is the quantum photosynthetic yield of PSII, which can reflect the efficiency of carbon fixation. By measuring these chlorophyll fluorescence indexes, we can quickly and nondestructively study the photosynthetic physiological status of plants. These represent new measurement and diagnosis technology in vivo [11, 38] . The fluorescence parameters of the stress-tolerant cultivars of blueberry were higher or more stable than those of the sensitive cultivars under stressful environments, such as high temperature [39] , aluminum exposure [40] , ultraviolet radiation [41] , and high pH [7] . In this study, the Fv/Fm and Y(II) values of the two blueberry cultivars showed a downward trend with increasing soil pH, indicating that the activity of PSII and the carbon fixation ability decreased. Moreover, the degree of decline of the high-pH-tolerant cultivar 'Chaoyue No. 1 was lower than that of 'Climax', which was consistent with the trend in chlorophyll content and photosynthetic efficiency parameters, indicating that the decline in photosynthetic system activity was the main reason for the decline in photosynthetic capacity of the blueberry plants under the high pH treatment. Compared plants exposed to 6 months of high pH treatment, the same blueberry cultivars had the same trend of chlorophyll fluorescence parameters under long-term (17 months) high pH stress [7] . Moreover, the Fv/Fm and Y(II) values were lower after long-term high pH treatment, which was consistent with the result of the lower relative biomass under long-term pH treatment [7] , indicating that the plants were under more severe stress at this time.
Fruit yield, a critical production target of blueberry, is not an early-stage evaluation index in blueberry high pH tolerance breeding program for its long growth period from seedling stage to fruiting stage. Biomass index is a destructive index, although it is suitable for evaluating the high pH tolerance of blueberries. The relationship between microelement concentration and high pH tolerance has different conclusions in different studies. The determination of photosynthetic efficiency index is susceptible to the influence of light intensity in a day, and the measurement is relatively time-consuming, which is not suitable for the evaluation of large-scale resources in breeding programs. Therefore, chlorophyll fluorescence index and CCI, which are highly correlated with biomass, fruit yield, and photosynthetic efficiency, are suitable for rapid and nondestructive evaluation of high pH tolerance of large-scale blueberry breeding resources in early stages.
To adapt to a high-pH environment, plants usually acidify the rhizosphere environment by secreting acid substances (such as protons) from their roots to improve the nutrient uptake efficiency by roots and maintain plant growth [42] . Brown and Draper [43] found that the rhizosphere acidification ability of blueberry was negatively correlated with the chlorosis degree of leaves; that is, the stronger the acidification ability, the lower the chlorosis degree. However, Nunez et al. [3] proved that rhizosphere acidification is not part of the strategy I iron deficiency response of V. arboreum and the southern highbush blueberry grew in nutrient solution (initial pH 5.5) or agarose gels (initial pH 6.0) with nitrate as a nitrogen source. This study agreed with Brown and Draper [43] , that 'Chaoyue No. 1 maintained a lower rhizosphere pH and a higher chlorophyll content than 'Climax' did under different pH treatments, indicating that 'Chaoyue No. 1 had a stronger rhizosphere acidification ability, which was conducive to maintaining a higher chlorophyll content, photosynthetic efficiency, and plant growth at high pH.
Conclusions
In conclusion, this study compared the tolerance of two blueberry cultivars to long-term high pH treatment. According to the relative biomass and yield changes, it was concluded that the southern highbush blueberry cultivar 'Chaoyue No. 1 had a higher tolerance to a high-pH environment than the rabbiteye blueberry cultivar 'Climax' did; the higher tolerance of 'Chaoyue No. 1 was related to a stronger ability to acidify the rhizosphere and a higher chlorophyll content, chlorophyll fluorescence index, and photosynthetic ability. In addition, long-term high pH treatment caused more serious damage to blueberries than short-term pH treatment did. Compared with indicators requiring plant destruction (such as plant weight) or long-term treatment (such as fruit yield), nondestructive indicators (such as relative chlorophyll content and chlorophyll fluorescence parameters) can be quickly and quantitatively determined to evaluate the adaptability of different blueberry genotypes to high pH. Although the concentration of microelements in blueberry leaves was imbalanced under a high pH treatment, there were many factors that affected the concentration. The correlation between the concentration of microelements and the high pH tolerance of blueberry plants was not significant, so these parameters were not suitable for use as the evaluation indexes of high pH tolerance in blueberry. 'Chaoyue No. 1 has higher pH adaptability and an earlier harvest time, which can allow it to avoid the local rainy season and improve fruit quality, indicating that 'Chaoyue No. 1 has higher utilization value in this blueberry production region. 
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